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At. low  optical  backgrounds  and  sufficiently  low  temperature,  some 
Hgl-xCdjjTe  photoconductive  detectors  exhibit  minority  carrier  "trapping" ■ 
effects.  While  these  trapping  effects  are  important  to  device  perfor- 
mance the  source  of  trapping  has  not  been  identified.  Attempts  to  model 
this  phenomenon  using  a distribution  of  bulk  trapping  states  have 
resulted  in  predictions  which  are  inconsistent  with  experimental  observa- 
tions. However,  it  has  been  suggested  that  the  detector  surface  plays  an 
important  role  in  the  trapping  process.  This  suggestion  is  reinforced  by 
the  experience  of  detector  manufacturers  who  find  that  detector  proper- 
ties are  dependent  on  device  surface  treatment.  In  this  paper  we  will 
present  some  of  the  results  of  a program  whose  purpose  was  to  determine 
the  role  of  the  surface  on  detector  properties  and  the  effects  of 
ionizing  radiation  on  surface  properties  and  detector  performance. 
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The  test  devices  used  in  this  study  consisted  of  an  MIS  structiire 
and  a photoconductor  fabricated  on  the  same  die.  With  this  combination 
of  test  devices  both  detector  properties  and  sixrface  properties  could  be 
compared  before  and  after  irradiation.  The  MIS  structure  had  a ZnS 
insulating  layer  and  a semitransparent  Au  top  electrode.  Thus,  the  MIS 
structure  was  photosensitive.  One -half  of  the  photodetector  was  also 
ZnS  coated.  The  coated  and  uncoated  sections  of  the  detector  could  be 
tested  separately.  The  front  and  back  surfaces  of  the  photo  MIS  device 
and  the  detectors  received  the  same  chemical  treatment.  Devices  were 
fabricated  from  wafers  of  appropriate  composition  to  produce  energy  gaps 
of  0.3  eV  and  0.1  eV  at  80°K. 

The  responsivity  and  noise  as  a function  of  temperature  were 
measured  on  each  of  the  three  detectors  on  each  die.  The  measurement 
techniques  were  quite  standard  and  will  not  be  discussed.  The  respon- 
sivity of  the  photo  MIS  detectors  could  also  be  measured  as  a function 
of  Vg  and  hence  surface  potential,  to  determine  the  effects  of  surface 
potential  on  minority  carrier  lifetime. 

These  studies  showed  that  all  detectors  had  qualitatively  the 
sarnie  general  characteristics,  with  no  systematic  variations  due  to 
surface  configuration.  The  photoconductive  lifetimes  were  in  the  range 
of  1-3.5  msec  and  the  qxiantum  efficiencies  were  in  the  range  of  0.02 
to  0.2.  The  frequency  dependence  of  responsivity  in  all  detectors 
showed  the  usual,  slower  than  l/f  roll  off.  All  detectors  were  excess 
noise  limited  at  the  backgrounds  used.  The  photoconductive  lifetimes 
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in  both  conopositions  are  dependent  on  surface  potential  and  have  broad 
peaks  near  midgap.  The  departures  from  this  maximum  value,  however  are 
not  large. 

The  capacitance  vs.  voltage  (C-V)  characteristics  of  the  MIS 
structures  were  used  to  characterize  the  s\arface  of  the  detectors. 

Surface  state  density  distributions  were  extracted  from  the  low  fre- 

?uency  (f  ^ 5 Hz)  data,  C-V  measurements  on  the  0.5  eV  gap  devices 
T = 8o°K)  showed  that  xinbiased  surface  was  depleted  (ilt^  = -0.125  eV). 
However,  measurements  'on  the  0.1  eV  gap  device  (T  = 8^K)  showed  that 
the  \mbiased  surface  was  inverted  (i)rs  = -0.095  eV). 

Surface  state  density  distributions  in  detectors  of  both  alloy 
coopositions  were  found  to  peak  at  or  near  the  band  edges.  The  peak  near 
the  valence  band  edge  consisted  of  donor-like  states  while  the  peak  near 
the  conduction  band  edge  contained  acceptor-like  states.  The  peak  den- 
sities in  both  conpositions  were  in  the  range  of  1 to  2 x 10l2  cm“2  eV”l. 

The  devices  were  gamma  irradiated  to  a dose  of  2 x 105  rad  (Si)  at 
8o°K  and  maintained  at  that  temperature  until  both  detector  properties 
data  and  C-V  data  were  obtained.  Irradiations  were  performed  with 
various  MIS  gate  biases.  The  gate  bias  had  no  effect  on  the  outcome  of 
the  irradiations.  Irradiation  of  detectors  of  both  conpositions 
resulted  in  an  increase  in  the  density  of  donor-like  surface  states  at 
the  valence  band  edge.  The  responsivity  and  noise  of  the  wider  gap 
detectors  increased  significantly  upon  irradiation  while  the  respon- 
sivity of  the  narrow  gap  devices  decreased  only  slightly  and  the  noise 
was  unchanged.  The  surface  potential  after  irradiation  was  essentially 
unchanged  in  both  composition  detectors.  These  results,  or  at  least  the 
effect  of  irradiation  on  responsivity,  are  important  since  they  argue 
against  a surface  state  dominated  trapping  mechanism.  We  note  that  in 
the  wider  gap  detector  the  pre  and  post  irradiation  surface  potential 
resided  at  about  -0.125  eV  below  the  conduction  band,  that  is  in  the 
region  where  irradiation  had  no  dramatic  effect  on  siirface  state  density. 
However,  the  responsivity  increased  significantly  after  irradiation. 
Likewise,  the  surface  potential  in  the  narrower  gap  device  was  unchanged 
after  irradiation  and  remained  at  the  valence  band  edge.  The  surface 
state  density  at  the  valence  band  edge  increased  significantly.  Now, 
however,  we  see  almost  no  change  in  responsivity.  Thus,  on  the  one 
hand  we  have  a large  change  in  responsivity  after  irradiation  in  the 
detector  in  which  the  Fermi  energy  resides  in  a region  of  unperturbed 
STirface  state  density  while  in  the  detector  in  which  the  Fermi  energy 
resides  near  a maximum  in  the  s\xrface  state  density,  which  is  increased 
further  by  irradiation,  the  responsivity  is  imchanged  by  irradiation. 
These  two  results  strongly  suggest  that  surface  states  do  not  play  a 
part  in  the  minority  carrier  trapping  process.  These  data,  however,  are 
not  inconsistent  with  a trapping  n»del  which  employs  a single  bulk 
state,  in  conjtuiction  with  a depleted  surface  to  account  for  the 
characteristics  of  trapping  detectors.  This  model  will  be  discussed  in 
light  of  the  results  of  this  program. 
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In  summary  we  have  found  that  ionizing  radiation  effects  depend  on 
energy  gap  but  not  on  surface  potential.  In  addition  the  radiation 
effects  suggest  that  trapping  behavior  is  not  associated  with  surface 
states. 
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The  effects  of  surface  potential  and  surface  states  on  the  properties  of  and 
radiation  sensitivity  of  trapping  mode  mercury  cadmium  telluride  detectors 
with  energy  gaps  of  0.5  oV  and  0.1  cV  were  investigated.  Ihcse  studies  wore 
made  with  photo  IHS  structux-es.  low  frequency  C-V  mcasuicments  were  trade  and 
a pi’ogram  developed  to  extract  the  surface  state  density  and  surface  potential 
from  those  data.  Tlio  ro.sponsivity  of  these  devices  was  dci'cndent  on  surface 
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valence  band  edge  but  did  not  affect  surface  potential.  The  0.3  eV 
detectors  appeared  to  be  more  radiation  sensitive  than  the  0.1  eV  detectors. 

The  results  of  this  study  are  briefly  discussed  in  light  of  current  models 
for  trapping  behavior. 


